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COMPARATIVE RESIDENTIAL ENERGY CONSUMPTION AND
FUEL COSTS WITH VARIOUS TYPES OF SYSTEMS:

OIL

GAS-, ELECTRIC-FURNACES AND HEAT PUMPS

Ronald H. Howell and Harry J. Sauer, Jr., Professors
Department of Mechanical and Aerospace Engineering
University of Missouri-Rolla
Rolla, Missouri

Abstract
The electric air-to-air heat pump for residential heating offers an
economic alternative to systems traditionally used extensively for
home heating, such as, oil or gas fired furnaces and electric resis
tance heat.

This simulation analysis showed that using 1976 mid-

Missouri fuel costs, an oil fired furnace was the least expensive
to operate of the three traditional type residential heating units.
LP gas heating was 19% higher than oil heat while electric resis
tance heating was 26% higher in cost than oil.

The typical air-to-

air heat pumps showed a 29% reduction in the heating bill when com
pared to an oil furnace.
1.

INTRODUCTION

fuel used, and because of the option of

The energy which we use in our homes ac

fered by the electric heat pump to indi

counts for approximately one-fifth of our

rectly use coal as the primary fuel for

total national energy consumption.

residential heating in lieu of more scarce

Due to

increasing concern about the available

fuels such as oil and gas, an objective

supply, together with the continued rising

comparison and evaluation appeared highly

cost of energy, it is advantageous to both

desirable.

the nation and to the individual home-

project to provide such a comparison and

owner to conserve energy.

evaluation of the relative energy effec

It was the purpose of this

tiveness and operating costs of heating
The electric heat pump as a means for

systems for a residence in the mid-Mis
souri area.

residential heating offers an alternative
to systems traditionally used extensively
for home heating, such as oil or gas fired

The term heat pump, as applied to a year-

furnaces and electric resistance heat.

around air-conditioning system, commonly

Because it is recognized that the heat

denotes a system in which refrigeration

pump can theoretically, in proper applica

equipment is used in such a manner that

tion, be a much more effective means for

heat is taken from a heat source and given

residential heating in terms of primary

up to the conditioned space when heating
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service is wanted, and is removed from the

ing capacity during the summer cooling

space and discharged to a heat sink when

period.

cooling and dehumidification are desired.

Missouri, the heating requirements of the

In a location such as central

The thermal cycle is identical with that

structure exceed the heating capacity

of ordinary refrigeration, but the appli

available from the equipment if selected

cation is equally concerned with the

to meet the cooling load and supplemental

cooling effect produced at the evaporator

heat is required.

and the heating effect produced at the

used to meet the difference between the

condenser.

load requirements and the capacity of the

The air-to-air heat pump is

the most common type and has been widely
used for residential applications^1.

Supplemental heat is

In

unit.

For the heat pumps reported in

this study, resistance heat is permitted

Figure 1 a schematic diagram of a typical

to be energized only when the heat pump is

air-to-air refrigerant changeover heat

incapable of meeting the heating needs of

pump is depicted

(2)

.

,

The operation is

the structure.

indicated for the cooling cycle as well

2.

AXCESS-UMR ENERGY ANALYSIS PROGRAM

as the heating cycle.
In order to expeditiously study the rela-

TERMINAL SYSTEM COMPONENT

REFRIGERANT FLOW

'////////////, HEATING CYCLE
'■ COOLING CYCLE

FIGURE 1.

AIR-TO-AIR REFRIGERANT CHANGEOVER HEAT PUMP

As the outdoor temperature goes down, the

tive cost of operation of residential heat

heating capacity of an air-source heat

pumps and furnaces the AXCESS-UMR Energy

pump decreases.

Analysis Computer Program was used.

Selecting the equipment

The

for a given outdoor heating design tem

AXCESS-UMR [acronym for Alternate Choice

perature is, therefore, more critical

Comparison for Energy System Selection -

than for a fuel-fired system.

University of Missouri-Rolla modifica

Consequent

ly, care must be exercised to size the

tions] program was designed to provide ac

equipment for as low a balance point as

curate economic comparisons of the dif

is practically possible for heating with

ferent energy systems which may be used in

out having excessive and unnecessary cool-

all types of buildings^21.
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The AXCESS-UMR

Program simulates the operation of vari

For these heating system comparisons an

ous types of terminal and primary systems

existing house was selected.

planned for installation in buildings by

existing house allowed comparison of the

making hourly calculations using weather

actual fuel utilization with the simu

data and building specifications.

The

Using an

lated fuel simulation for the installed

program may also be used to evaluate var

heating unit.

ious energy conservation techniques for

idation of the simulation technique.

HVAC systems in existing buildings.

The

This comparison allows val

The residential structure which was simu

program, with some limitations, can be

lated was a 2000 sq. ft. ranch style

applied with accuracy, to residences as

house with a heated full basement.

well.

The

structure had brick veneer with full wall

The AXCESS-UMR Energy Analysis Computer

insulation, 4 inch ceiling insulation, and

Program (3) evaluates building energy re

14% double pane glass.

The first floor

quirements on an hour-by-hour basis for a

temperature was set at 75°F while the

full year using typical local weather

basement was maintained at 70°F.

The

data (dry bulb temperature, relative hu

heating of the residence was simulated

midity, cloud cover), building operating

using one of the following:

profiles, and load usage profiles (light

with 60, 70, or 80% efficiency, LP gas

ing, appliances, people).

furnace with 60, 70, or 80% efficiency,

The weather

oil furnace

data which is used by AXCESS-UMR comes

electric furnace with 90 or 100% efficien

from U.S. Weather Bureau hourly data.

cy, or one of five commercially available

The user can select any station and any

air-to-air heat pumps with electric sup

year of interest.

plementary heat.

For this study the

weather data for the years 1970-1973 at

This house was built in 1964 and has good

St. Louis, Missouri, have been used for

insulation^®1, however, it was not de

all calculations.

signed nor insulated to meet recommenda

The basic program output consists of (1)

tions for electric heat.

a complete print-out of input data for

tions, it was assumed that the infiltra

verification purposes and (2) monthly and

tion rate would be one air change per

annual indications of energy usages and

hour, which is compatible with the life

demands by energy source types.

style of the occupants.

In addi

tion, sample calculations for selected

4.

For the calcula

FURNACES AND HEAT PUMPS

days, hours, zones, and schemes can be
requested.

For this study the fuel fired furnaces

This allows comparison with

longhand calculations for verifying pro

were sized at an output of 64,000 BTUH

gram accuracy.

and the heat pumps were sized for the

Also, as part of the out

put, the user can specify breakdowns of

cooling requirements of the house, 36,000

energy usage by load type, monthly total

BTUH.

heat rejected from air cooled or water

power for each heat pump was obtained

cooled primary refrigeration systems,
hourly and/or monthly deficit or excess

from the manufacturers data and are given
in Table I.

KWH for on-site generation, and hourly or

The heating performance of the five se

daily energy usage for each meter.

lected heat pumps is shown in Figure 2.
The balance point for these heat pumps is

3.

THE TEST HOUSE

The heating capacity and input

generally between 25°F and 30°F.
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TABLE I
HEAT PUMP PERFORMANCE (from manufacturer's data)
Outside Air
Temperature
°F
-10
0
10
20
30
40
50
60
70

Heating Capacity (including ID Fan), BTUH/Input Power, KW
D
E
B
|
C
A
1 1 0 4 0 / 2 .8 2

1 3 4 0 0 / 2 .8 4

1 0 2 0 0 / 3 .0 6

1 1 3 0 0 / 3 .1 8

7 5 2 0 / 3 .5 1

1 4 4 4 0 / 3 .0 6

1 6 9 0 0 / 3 .1 1

1 4 2 0 0 / 3 .1 6

1 3 4 0 0 / 3 .2 8

1 0 9 4 0 / 3 . 71

1 8 7 8 0 / 3 . 36

2 1 2 0 0 / 3 .3 9

1 8 2 0 0 / 3 .3 4

1 8 2 0 0 / 3 .4 6

1 5 9 0 0 / 3 .9 0

2 3 6 2 0 / 3 .6 6

2 5 2 0 0 / 3 .6 9

2 2 2 0 0 / 3 . 55

2 1 9 0 0 / 3 .6 6

2 0 8 8 0 / 4 .1 2

2 9 3 0 0 / 3 .9 6

2 9 2 0 0 / 3 .9 9

2 6 2 0 0 / 3 . 75

2 4 4 0 0 / 3 .8 6

2 5 5 8 0 / 4 .3 9

3 5 2 4 0 / 4 .2 2

3 3 2 0 0 / 4 .3 4

3 1 4 0 0 / 4 .0 6

3 0 0 0 0 / 4 .0 6

3 4 9 6 0 / 4 .6 9

4 0 3 8 0 / 4 .5 2

3 8 2 0 0 / 4 .6 7

4 0 6 0 0 / 4 .5 6

3 8 2 0 0 / 4 .2 3

4 3 0 2 0 / 4 .9 9

4 3 6 2 0 / 4 .8 2

4 3 2 0 0 / 5 .0 2

4 8 0 6 0 / 5 .0 8

4 2 2 0 0 / 4 .3 3

5 0 9 2 0 / 5 .3 0

4 5 1 2 0 / 5 .0 6

4 7 2 0 0 / 5 .3 8

5 5 5 2 0 / 5 .5 3

4 6 2 0 0 / 4 .4 2

5 9 4 6 0 / 5 .6 8
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5.

HEATING PERFORMANCE OF HEAT PUMPS

DISCUSSION OF RESULTS

heating required are given annually and as
a four year average.

The results from these simulations are
presented in Table II.

The fuel fired fur

tinuous air circulation (CAC) and this

naces and heat pumps were simulated for

power requirement is noted.

four years (1970-1973) using weather data
for St. Louis, MO.

The oil-, gas-, and

electric furnaces were operated with con
The heat

pumps were simulated with the fan cycling

The fuel and electric

with the heat pump operation.

power requirement, degree days, and annual
709

TABLE II
ANNUAL FUEL USE FOR HEATING
YEAR
DEGREE DAYS
HEATING REQ'D. 10®Btu

1970
4961
128

OIL FURNACE FUEL USE, Gal
80% Efficiency
70% Efficency
60% Efficiency

1971
4510
120

1972
5087
129

1973
4472
118

1016

951

1030

923

1161

1089

1177

1055

1121

1355

1269

1373

1231

1307

+ 4261

LP GAS FURNACE FUEL USE, Gal
80% Efficiency
70% Efficiency
60% Efficiency

980

(CAC)

1569

1471

1591

1426

1793

1682

1818

1629

1731

2092

1951

2121

1901

2016

+ 4261

ELECTRIC FURNACE, KWH
100% Efficiency
90% Efficiency

KWH Fan

4 YR Av.
4758
124

KWH Fan

1514

(CAC)

33103

31017

33559

30073

31938

36781

34464

37287

33414

35487

+

4261

K WH Fan

(CAC)

HEAT PUMP "A", KWH

19857

18171

20005

17671

18926

HEAT PUMP "B", KWH

20138

18484

20289

17977

19222

HEAT PUMP "C", KWH

21100

19400

21333

18707

20135

HEAT PUMP "D", KWH

21933

20224

22222

19401

20945

HEAT PUMP "E", KWH

22664

20835

22947

20074

21630

BUILDING DESCRIPTION:
Size: 2000 sq ft, ranch, with full basement (heated)
Construction: Brick veneer, full wall insulation, 4 in. ceiling
insulation, 14% glass (all double pane)
Indoor Temperatures: 75°F, first floor; 70°F, basement
LOCATION: St. Louis, Missouri
HEATING VALUES FOR FUEL:
No. 2 Fuel Oil - 139,000 Btu/gal
LP Gas - 90,000 Btu/gal

A limitation of the AXCESS-UMR program

1972-1973 heating season the actual oil

prevents the simulation of a typical resi

used was 1041 gallons.

dential system with temperature control

years the oil consumption was 714 gallons

led on-off cycling of the fan.

(173- 174) , 715 gallons ('74-’75) , and 532

For this

In subsequent

reason CAC was used for fuel fired fur

gallons ('75— ’76) .

naces while the heat pump performance

heating seasons the thermostat in the

data included appropriate fan operation.

house had been lowered to 72°F, the air

The simulated operation of the oil fur

registers adjusted to give lower bedroom

nace in this house compares favorably

temperatures, fan set to operate longer,

with measured oil consumption.

oil nozzle replaced with a smaller orifice

In the
710

During the last three

size, and the garage door was closed when

quantities of electrical energy during the

possible.

coldest winter months as well as during

These changes contributed to

the reduced oil consumption.

fall and spring.

Several interesting results can be noted

uary the best electric furnace required

in Table II.

8050 KWH while the best heat pump required

The yearly variation in fuel

For example, during Jan

and power requirements was only about ^6%

only 5050 KWH, a 27% savings.

for four years in St. Louis.

Comparative annual costs were made for

Continuous

air circulation (CAC) requires a signifi

these heating devices based on the four

cant quantity of power (13% of electric

year average data and the September 1976

heat requirements).

fuel costs in Rolla, MO. These results
are presented in Table III.

Various heat pumps

can deviate in power requirements by up
to 14% while delivering identical heating
requirements.

These results have been translated to a

Air-to-air heat pumps can

bar-graph for other energy costs and this

significantly reduce energy requirements
for the heating of a residence.

is shown in Figure 4.

Although

Annual energy costs

for this residence at various oil, gas,

not shown in the table, supplemental elec

and electric rates are given.

tric resistance heating accounted for from
6.

27% to 35% of the heating energy require

CONCLUSIONS

ments .

Three significant conclusions can be drawn

The relative energy consumption on a

from the cost estimates in Table III.

monthly basis for the electric furnaces

First, an oil fired furnace (at 70% effi

and five heat pumps is shown in Figure 3.

ciency) was the least expensive to operate

These comparisons indicate that the air-

of the three typical residential heating

to-air heat pump will save significant

units.

LP gas heating (at 70% efficiency)

MONTH
FIGURE 3.

MONTHLY ENERGY CONSUMPTION FOR
ELECTRIC FURNACES AND HEAT PUMPS
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TABLE III
COMPARATIVE ANNUiVL OPERATING COST ESTIMA3"ES
"FUEL"
USE***

UNIT
FUEL
COSTS**

ANNUAL
OPERATING
COST

OIL FURNACE (with CAC)
80% Efficiency
70% Efficiency
60% Efficiency

980 Gal.

36.96/Gal.

4261 KWH

1.7 6/KWH**

($362 w/o fan)

1121 Gal.

36.99/Gal.

$486 .

4261 KWH

1.76/KWH*

($414 w/o fan)

1307 Gal.

36.96/gal.

$555.

4261 KWH

1.7 6/KWH*

($482 w/o fan)

1514 Gal.

29.29/Gal.

$514.

$434.

LP GAS FURNACE (with CAC)
80% Efficiency

4261 KWH

1.76/KWH*

($442 w/o fan)

1731 Gal.

29.26/Gal.

$578.

4261 KWH

1.79/KWH*

($505 w/o fan)

2016 Gal.

29.29/Gal.

$661.

4261 KWH

1.7C/KWH*

($588 w/o fan)

100% Efficiency

36199

1.7C/KWH*

$615 .

90% Efficiency

39748

1.76/KWH*

$676 .

70% Efficiency
60% Efficiency

ELECTRIC FURNACE
(with CAC)
($543 w/o fan)
($603 w/o fan)
HEAT PUMP A

18926 KWH

1.7 C/KWH*

$322 .

HEAT PUMP E

21630 KWH

1.79/KWH*

$368 .

*

Electric Rate assumes a mi nimum of 1000 KWH/Month of
Electricity Used for Other than Heating

**

Fuel costs are for September 1976 in Rolla, MO.

***Fuel use based on 4 years average weather data

was 19% higher while electric resistance

the air-to-air heat pumps would consume

heating (at 100% efficiency) was 26% higher

about 17% less operating dollars.

than oil.

Second, both heat pumps were

Third,

the average operating cost of the two heat

less expensive to operate than the oil fur

pumps is about 44% less than the operating

nace and, thus, less also than gas and

cost of the electric resistance furnace.

electric furnaces.

Giving credit for the CAC opperation on

The average of the two

heat pumps gives a 29% reduction in opera

the electric furnace would lower this dif

ting cost.

ference in operating costs to approxi
mately 36%.

Even if credit was given for

the CAC operation on the oil furnace, the
712
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These cost comparisons show that signi

gram",

ficant differences do exist in the opera

UMR-MEC Conference on Energy, Rolla,

ting costs for various types of residen

MO., 1975.

tial heating systems.

These differences

5.

Proceedings of Second Annual

Sauer, H.J., Jr. and Howell, R.H.,

should be taken into consideration along

"Control by Code of Energy Usage in

with initial costs and maintenance costs

Building Systems", Proceedings of

when selecting a residential heating unit.

Second Annual UMR-MEC Conference on

7.
1.

2.

3.

Energy, Rolla, MO., 1975.
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